Objective: To compare clinical, immunologic and virologic outcomes among stable HIV-positive patients down-referred to a nurse-managed primary healthcare clinic (PHC) for treatment maintenance to those who remained at a doctor-managed treatment-initiation site.
Introduction
Roughly five million people living with HIV in lowincome and middle-income countries are currently receiving antiretroviral therapy (ART), up from about 400 000 in 2003 [1] , representing over a 12-fold increase over 6 years. Despite these gains, only one-third of those in need are receiving ART in resource-limited settings [1] . The increase in the number of eligible patients accessing care combined with the WHO recommendation to treat patients at higher CD4 cell counts [2] has put pressure on health systems and pushed governments to seek new models of treatment delivery.
Scaling-up ART requires large numbers of well trained healthcare workers [3] . Several needs assessments have shown limited capacity to scale-up services using doctors [K. Gilbert et al., unpublished data; B. Damascene et al., unpublished data; [4] ]. Models of care adapted from industrialized countries typically have a large doctorpatient ratio coupled with increasing demand, a shortage of trained medical staff and limited finances. To address these concerns, decentralizing care to smaller health facilities along with 'task-shifting' care from doctors to clinical officers, nurses [5] [6] [7] [8] [9] and community health workers [7, 8, 10] have been proposed.
Although 'task-shifting' is a potential solution to expanding pressures on the healthcare system [7, [11] [12] [13] , the evidence for non-physician-provided HIV care in Africa is limited [14] [15] [16] [17] [18] [19] [20] [21] . The majority of the evidence base comes from studies conducted in resource-rich settings comparing primary care provided either by doctors, physician assistants or nurse practitioners. These studies helped provide evidence that nonphysicians can manage chronic diseases as effectively as doctors [22, 23] , although none assessed HIV care. A recent systematic review demonstrated that 'task-shifting' in sub-Saharan Africa helped increase access to ART and that lower level clinic staff could provide high-quality care compared with clinicians [24] . Several studies have also shown that retention and clinical outcomes were better in facilities with fewer patients, supporting decentralization of HIV treatment [25, 26] , but 'down-referral' will require careful planning and monitoring [21] .
In response to these issues, South Africa's National Department of Health began decentralizing care of stable patients, initiated and managed by doctors at higher levels of the healthcare system, to smaller health facilities employing nurse-managed care [9] . In 2007, the Themba Lethu HIV Clinic (TLC) in Johannesburg, South Africa implemented a 'down-referral' system to transfer stable patients from the doctor-managed clinic where they initiated care (TLC) to nurse-managed local primary healthcare clinics (PHCs) for continued monitoring and treatment. Nearly 2000 patients have been down-referred from TLC, yet treatment outcomes among these patients have yet to be evaluated. This study compares 1-year treatment outcomes among individuals down-referred for treatment maintenance at a nurse-managed PHC to patient's eligible for down-referral who remained at the doctor-managed treatment-initiation site in Johannesburg, South Africa.
Methods

Cohort description
TLC is a government HIV treatment site which has enrolled over 28 500 patients into care, over 18 500 of whom have initiated ART since its inception in April 2004. The clinic sees 400-500 patients a day, has eight doctors and 12 nurses. In February 2007, TLC began piloting down-referral by transferring stable patients to PHCs for monitoring and treatment. Currently, there are two down-referral sites, this analysis focuses on the first site established, Crosby Clinic, a PHC in close proximity to TLC.
Crosby clinic sees 80-90 patients a day and is staffed by two nurses. A section of Crosby Clinic was refurbished and equipped with a down-referral wing and pharmacy operated independent of the clinic. The site remains integrated with TLC through an electronic patient management system, TherapyEdge-HIV. TherapyEdge-HIV transfers patient records between TLC and downreferral sites whenever a patient is down-referred or up-referred (transferred back to the treatment-initiation site). The system alerts providers when patients are eligible for down-referral or require up-referral.
Crosby Clinic nurses are trained primary healthcare nurses qualified to diagnose, treat and prescribe drugs for specific conditions, including HIV. They receive an additional 6-week down-referral training conducted at TLC, covering HIV disease, treatment, monitoring and adherence. In the 6-week training, nurses are supervised daily by a senior nurse, doctors and the down-referral coordinator. Supervision then continues telephonically by nurses or clinicians at TLC. If nurses are not able to handle a patient's condition, they would be up-referred to TLC and treated by a clinician. Additionally, Therapy-Edge-HIV has an electronic treatment algorithm to guide nurses in patient care.
Data were approved for analysis by the Human Research Ethics Committee of the University of the Witwatersrand. Approval for analysis of de-identified data was granted by Boston University's Institutional Review Board.
Down-referral process
All patients included in this analysis initiated treatment at TLC (referred to hereafter as the treatment-initiation site). Patients who are eligible for and accept downreferral are moved to a local PHC (referred to hereafter as the down-referral site). Although 'down-referral' and 'task-shifting' are not always synonymous, in South Africa, they typically are lower level facilities and tend to have lower cadres of staff. This program used both downreferral to a PHC and task-shifting by having patients managed by nurses rather than clinicians.
To be eligible for down-referral, a patient must have been on ART for at least 11 months, giving clinicians two sets of laboratories to evaluate the patient (4 and 10 months on ART). Patients must have no opportunistic infections, a CD4 cell count higher than 200 cells/ml, a stable weight (<5% loss between last three visits) and be virally suppressed (two consecutive viral loads <400 copies/ml). Patients meeting eligibility criteria and whom clinicians feel are good candidates for down-referral are given the option to transfer. Over 65% of patients eligible for down-referral were not transferred to the PHC. For some this represents refusal of down-referral, whereas for most it represents not being offered down-referral. Our data cannot distinguish between the two reasons.
Patients accepting down-referral are dispensed 2 months of antiretroviral drugs and scheduled to present to the down-referral site 2 months later. Down-referred patients are scheduled for antiretroviral pickups every 2 months, same as at the treatment-initiation site. Patients at the treatment-initiation site have a doctor consultation every 6 months, whereas down-referred patients have a nurse take vitals at every visit. Care at both sites follows South African National Treatment Guidelines which during the study period called for treatment with stavudine or zidovudine with lamivudine and either efavirenz or nevirapine. CD4 cell count and viral load tests were performed approximately every 6 months after ART initiation [9, 27] .
Patients can also be up-referred to the treatmentinitiation site. The majority of up-referrals (44.5%) occurred for defaulting (missing a visit by !7 days). Defaulters are automatically up-referred by Therapy-Edge-HIV and can only return to the down-referral site when a clinician recommends it. Patients who become loss to follow-up (LTFU) at the down-referral site are upreferred and counsellors attempt to contact them by phone or home visit to return them to care. Other reasons for up-referral include antiretroviral toxicities (24.5%), pregnancy (11.0%), detectable viral load (4.2%) and opportunistic infections (4.2%).
All patients at TLC receive adherence counselling before treatment initiation. If a down-referred patient has a detectable viral load, nurses counsel them and perform a second viral load test. If detectable, patients are up-referred and again receive formal adherence counselling.
Study population
Patients eligible for this study were ART-naive at treatment initiation at TLC, at least 18 years old and initiated onto a standard first-line ART regimen between April 2004 and September 2008. We excluded pregnant patients, those on second-line therapy and patients not eligible for down-referral ( Fig. 1 ). We removed all patients missing data necessary for matching.
As down-referral was not randomly assigned, we used propensity score matching to create similar populations of down-referred and not down-referred but eligible patients [28] [29] [30] . To create propensity scores, we predicted risk of down-referral using logistic regression. Predictor variables included sex, age, months on ART, antiretroviral regimen, BMI, haemoglobin and CD4 cell count at down-referral eligibility (Appendix 1, http:// links.lww.com/QAD/A166). Propensity scores were used to individually match down-referred patients to three patients eligible for down-referral, but remaining at the treatment-initiation site [31] .
Study variables
We compared death, LTFU, mean CD4 cell count change from down-referral eligibility and viral load rebound by 12 months of follow-up by down-referral status. Downreferral was defined as completion of the down-referral visit at TLC between February 2008 and January 2009. Deaths are identified by family or hospital report, active tracing and/or linkage with the South African National Vital Registration Infrastructure Initiative [32] [33] [34] . LTFU was defined as at least 3 months late for the last scheduled visit. Viral load rebound was defined as having a detectable viral load (>400 copies/ml) at 12 months after down-referral eligibility.
Time zero was defined as down-referral eligibility for all patients regardless of whether they were actually downreferred. For analyses of death and LTFU, person-time accrued from down-referral eligibility until the earliest of death; LTFU; transfer; completion of 12 months of follow-up; or 31 December 2009.
Statistical analyses
We calculated the rates of LTFU and mortality over 12 months of follow-up stratified by down-referral status. For both outcomes, we estimated hazard ratios (HRs) by down-referral status using proportional hazards regression. To estimate the relative risk of viral load rebound by down-referral status, we used log-linear regression. All models were adjusted for national identification number, sex, age, ART regimen and CD4 cell count at down-referral eligibility. Covariates that could be plausible confounders that altered the point estimate by 10% or more were also included. We assessed modification of the effect of down-referral on outcomes by stratifying effect measures by plausible modifiers.
As we may have had unmeasured confounding in our population, we conducted a multidimensional sensitivity analysis [35] by making assumptions about the strength of the effect of an unmeasured confounder on mortality and its prevalence in both down-referred and not downreferred patients. As we were interested in confounders that would overestimate the down-referral effect, we considered a confounder that would increase mortality and was more prevalent in patients remaining at the treatment-initiation site. We then back-calculated the relative risk we would have observed had we collected data on and adjusted for the purported confounder (Appendix 2, http://links.lww.com/QAD/A166) [36] .
Results
One thousand, five hundred and seventy-nine patients were down-referred to the PHC and 3421 were eligible but remained at the treatment-initiation site. Of those down-referred, 774 were not eligible, as they were either down-referred outside the study period, pregnant or on a second-line regimen ( Fig. 1 ). We excluded 95 patients missing data necessary for matching and 17 patients down-referred without meeting down-referral eligibility criteria, leaving 693 down-referred patients. Of the 3421 eligible patients remaining at the treatment-initiation, site we excluded 453 patients missing data necessary for matching, leaving 2 968 patients. The 548 patients excluded for missing data were similar to those included in regard to demographic and clinical characteristics at down-referral eligibility.
Predictors of down-referral
Less advanced disease at down-referral eligibility was associated with down-referral. A CD4 cell count of at least 300 cells/ml was associated with greater odds of down-referral vs. 200-299 cells/ml. Having a BMI at least 17.5 vs. less than 17.5 kg/m 2 [odds ratio (OR) 1.7, 95% confidence interval (CI) 0.8-3.4], a haemoglobin at least 10.0 mg/dl vs. less than 10.0 mg/dl (OR 2.0, 95% CI 1.1-3.8) and taking stavudine vs. zidovudine (OR 1.2, 95% CI 1.0-1.5) were also predictive of down-referral (Table 1) .
Matched cohort
The 2772 patients included in the analysis had a median age of 35.3 years [interquartile range (IQR) 30.8-41.6], a median CD4 cell count of 389 cells/ml (IQR 311-507), were predominately female (65.7%), on ART for a median of 30 months (IQR 22.3-42.0) and on stavudine-lamivudine-efavirenz (64.8%) at down-referral eligibility ( Table 2 ). Propensity score matching of the 693 down-referred patients to 2079 patients remaining at the treatment-initiation site created similar populations in terms of baseline characteristics predictive of poor prognosis as well as demographic and clinical characteristics at down-referral eligibility ( Table 2) .
Mortality and loss to follow-up Two (0.3%) down-referred patients and 32 (1.5%) patients not down-referred died, whereas 10 (1.4%) were downreferred and 87 (4.2%) not down-referred were lost during 12 months of follow-up ( 
Sensitivity analysis
A sensitivity analysis for unmeasured confounding shows that in order for adjustment for an unmeasured confounder to bring our results close to null, it would have to be rare among down-referred patients (1.0%) and common among treatment-initiation site patients (45%) and be a very strong predictor of mortality [relative risk (RR) !12] (Appendix 2, http://links.lww.com/QAD/ A166), an unlikely scenario.
CD4 cell response and viral rebound
The majority (95%) of down-referred patients and 81% of patients not down-referred had 12-month CD4 cell count and viral load available. Patients missing data were similar in regards to age, CD4 cell count at down-referral eligibility, time on ART, sex and current regimen to those included. The median increase in CD4 cell count over 12 months for those down-referred was 55 (IQR À24 to 127) and 59 cells/ml (IQR À12 to 146) for patients not down-referred.
Twenty-two (3.3%) patients down-referred and 100 (5.6%) patients not down-referred experienced viral load rebound (>400 copies/ml) by 12 months since downreferral eligibility. Adjusted analyses showed downreferred patients had a reduced risk of viral rebound (relative risk 0.6, 95% CI: 0.4-0.9) compared with treatment-initiation site patients (Table 3) . We observed little modification of the down-referral association with viral load rebound. ORs calculated from a logistic regression model; predicted probabilities were used to create propensity scores to match patients for analyses of outcomes after down-referral.
Discussion
Decentralization of monitoring and treatment of HIV-positive ART patients and 'task-shifting' from doctor-managed to nurse-managed care have proven successful in supporting rapid scale-up of ART in resource-limited settings [14] [15] [16] [17] [18] [19] [20] [21] . Providing ART at PHCs encourages retention in and increases access to care [1, 2, 5, 6] . We found a large proportion (40%) of patients, initiating ART between April 2004 and January 2009, were eligible for down-referral. Because patients had been on ART for a median of 30 months (IQR 22-42), were clinically stable and virally suppressed prior to eligibility, the outcomes we observed were very good, with very few deaths. However, we still found that down-referred patients had similar, if not better, clinical and virologic outcomes than those remaining at the treatment-initiation site. Down-referred patients had lower mortality (HR 0.2, 95% CI 0.04-0.8) and were less likely to become lost (HR 0.3, 95% CI 0.2-0.6) or experience viral load rebound (RR 0.6, 95% CI 0.4-0.9) than those remaining at the treatment-initiation site. Although we cannot say that these beneficial outcomes were caused by down-referral, our matching strategy and sensitivity analysis suggest that at a minimum, down-referred patients managed by nurses will do no worse than those managed by doctors. These findings are consistent with previous reports from sub-Saharan Africa, showing ART outcomes were comparable for care provided by nurses and doctors [6, 14] . model to expand ART access [9] . NIM-ART is a more comprehensive version of the current 'down-referral' model, using a combination of task-shifting (nurses initiating and prescribing repeat antiretrovirals) and integration of comprehensive HIV care into PHC services [9] . NIM-ART is currently being evaluated by the Streamlining Tasks and Roles to Expand Treatment and Care for HIV trial [37] . Qualitative findings suggest NIM-ART is feasible and acceptable in the public sector and that well equipped nurses in PHC settings can provide HIV care [38] . Our findings support the move toward nurse-centered care.
Two potential reasons why our down-referred patients had slightly better outcomes than those not down-referred may be as follows: more frequent medical screenings, allowing opportunities to diagnose new infections or drug toxicities earlier; increased patient satisfaction with care and treatment received at the down-referral site. Over 300 down-referred patients at Crosby Clinic were surveyed about the time, cost, ease and quality of care at the site.
Results showed that more than 90% completed their visit within 1 h and believed the nurses attended to their medical needs and could sustain their care for years to come. As the patient satisfaction survey was not administered at TLC, we do not have a comparison group. However, a recent analysis of patient flow at TLC showed patients spent (including waiting time) a median of 2.5 h (IQR 1.2-4.2) per medical visit and 1.9 h (IQR 1.5-2.7) at pharmacy visits, substantially longer than what down-referred patient's reported. These results provide support for 'down-referral' and 'task-shifting' to nurse-managed care as a way to improve patient satisfaction and may lead to improved treatment outcomes.
Nurse-managed care has also been estimated to be costeffective [24] . A recent cost-effectiveness analysis conducted on our same cohort showed that down-referral increased treatment capacity and conserved resources without compromising patient outcomes [39] .
Our study is one of the first to evaluate a down-referral model and has several strengths. First, the use of propensity score matching allowed us to minimize confounding [28] [29] [30] 40] . Second, our ability to link patients lost from care to the South African National Vital Registration Infrastructure Initiative allowed us to more accurately distinguish deaths from losses.
Our findings should be considered alongside its limitations. First, because our study reports on a single government HIV clinic and its associated down-referral site, our results may not be generalizable to the overall population or to PHC settings that lack dedicated space for HIV monitoring and treatment. Second, these results may not necessarily be repeatable in a setting that lacks a data system such as TherapyEdge-HIV. Third, although we matched our study groups on measured predictors of treatment outcomes, there is the potential our populations differed with respect to some unmeasured confounder. However, our sensitivity analysis suggests such an unmeasured confounder would be extremely unlikely in our cohort. Fourth, it is possible the rate of LTFU we observed may overstate actual patient attrition, as some lost patients may be in care other sites [41] . If this were more common at the treatment-initiation site, the differences in outcomes between our study groups may be less than we observed. Fifth, although the South African National Vital Registration Infrastructure Initiative has been demonstrated to have high sensitivity [42] [43] [44] , there is a 6-month delay in updating the registry which could result in misclassification of patient outcomes. Finally, the 548 patients excluded from our analysis for missing data could have introduced selection bias into our results. However, we expect this bias to be minimal, as they were similar to patients included in the analysis on observable characteristics.
Conclusion
'Down-referral' of stable ART patients is associated with successful treatment maintenance both in randomized clinical trials and observational data. A large population of stable ART patients at treatment-initiation sites could be down-referred, increasing the capacity to manage the complications of ART most common during the first 6 months of treatment. Although 'task-shifting' alone will not solve human resource problems for HIV treatment, it is currently one of the most viable responses to the limited human resources capacity in HIV care. As the body of research assessing the effectiveness of different models of nurse-driven care grows, we are beginning to determine where 'task-shifting' can have the strongest and most sustainable impact. By providing proper equipment, training and support to PHCs and nurses, large doctormanaged HIV clinics can begin to shift patients to smaller and more accessible nurse-managed PHCs for easier access to HIV care.
